The Duke Activity Status Index is a widely used instrument for measuring functional status in patients with cardiovascular disease. However, items and subscales on this instrument have not been validated for Thai patients with a previous myocardial infarction (MI). Objective: To test the reliability and validity of the Thai version of the Duke Activity Status Index (DASI-T) in Thai patients with a previous MI using a cross-sectional study design. Methods: The DASI-T was translated using forward and backward translation methods and administered to 100 MI patients from outpatient departments of two general hospitals in Thailand. Internal consistency was determined to test reliability. Two criterion measures (i.e. Canadian Cardiovascular Society (CCS) classification, SF-36 physical functioning subscale) were used to test the concurrent validity of the DASI-T. Age group and CCS classification were used to determine known-groups validity of the DASI-T. Results: Cronbach's α for the DASI-T total score was 0.76. No ceiling or floor effect was detected for the DASI-T total score. DASI-T total score was significantly correlated with the CCS classification (r = -0.68, P < 0.01) and SF-36 physical functioning subscale (r = 0.79, P < 0.01). DASI-T total scores could differentiate MI patients based on age (P = 0.040) or CCS classification (P = 0.000).
Brief communication (Original)
Myocardial infarction (MI), an acute manifestation of coronary artery disease, has become a serious health problem worldwide. Although there are fewer patients dying in the acute stage of the illness because of recent advances in medical treatment of myocardial infarction, a large number of MI patients fail to resume normal functioning. Rather, they experience a decline in functional status [1] [2] [3] .
Goals of care for MI patients include optimizing cardiovascular risk reduction, fostering healthy behaviors and compliance to these behaviors, reducing disability, and promoting an active lifestyle for patients [4] . It is important to use reliable and valid measurements to assessing progress towards these goals in practice. One such method of measurement, the Duke Activity Status Index (DASI), was developed to assess the functional status of patients with cardiovascular disease, and to measure a patient's maximum physical potential for performing common activities of daily living [5] . Currently, the DASI is a widely used instrument for measuring functional status [6] [7] [8] . However, the items and subscales on the DASI have not been validated for the psychometric testing of Thai patients with cardiovascular disease. To understand the impact of disease conditions on functional status across cultures, there is a need for this instrument to be translated and its psychometric properties assessed in a Thai cultural context.
The purpose of this study was to test the reliability and validity of the Thai version of the Duke Activity Status Index (DASI-T) in assessing the functional status of Thai patients with a previous MI.
Materials and methods

Design, sample, and setting
A cross-sectional design was used to evaluate the validity and reliability of the DASI-T in a sample of patients who had experienced an MI. After approval by the Research Ethics Committees of Mahasarakham and Kalasin Hospitals, Thailand, data were collected during June and July 2013. A convenient sample of 100 patients with a previous MI was recruited from outpatient departments after their written informed consent to participate in the study. The patient inclusion criteria were as follows: (1) patients diagnosed with either an ST-elevation MI (STEMI) or a non ST-elevation MI (NSTEMI); (2) stable disease, defined as no hospitalization for MI in the previous four weeks; and (3) willingness to participate in the investigation. The exclusion criteria included: (1) having a complication that could influence daily activity performance such as congestive heart failure, uncontrolled hypertension (systolic blood pressure >180 mmHg and diastolic blood pressure >110 mmHg, or both), uncontrolled hypotension (diastolic BP <65 mmHg), chronic obstructive pulmonary disease or history of asthma; (2) health problems including physical problems (e.g. musculoskeletal, neurological, rheumatic diseases with functional impairment), or mental problems (e.g. severe anxiety, depression).
Measurement
Three instruments were used in this study: the Thai version of the Duke Activity Status Index (DASI-T); the Canadian Cardiovascular Society (CCS) classification [9] ; and the SF-36 physical functioning subscale [10, 11] . The CCS classification and the SF-36 physical functioning subscale were used as standard measurements to determine concurrent validity of the DASI-T. Age groups (<60 years, ≥60 years) and functional class by the CCS classification were also used as a criterion variable to determine known-group validity of the DASI-T based on the extensive review of age and functional class related to functional status. Older MI patients were more likely to have impaired physical ability performance in their daily lives [12, 13] ; increasing CCS class was inversely related to an MI patient's maximum physical potential to perform common activities of daily living [14] and associated with poorer treadmill performance [15] .
The Thai version of the Duke Activity Status Index (DASI-T)
The DASI-T is a self-administered 12-item measure derived from the Duke Activity Status Index (DASI) developed by Hlatky and colleagues [5] . The DASI-T is congruent with the original DASI. There are four major activity domains: personal care, ambulation, household tasks, sexual function, and recreation. Each patient participant was asked whether they could perform each activity. The response format for this was "Yes"/"No". If the patient stated "Yes," that item was then assigned a weighted score based on the known metabolic cost of each activity. The weighted range score for each activity was 1.75−8.0. If the patient stated that they could not perform an activity ("No"), then the weighted score was zero. The potential range of the sum score is 0−58.2: 0 = worst, 58.2 = best; higher scores indicate better functional capacity [5] . The sum score can be applied to an estimation of maximal oxygen consumption (VO 2 ), the following multiple linear regression equation was used [5] : VO 2 = 0.43 × DASI + 9.6, metabolic equivalents (METs) were calculated by dividing by 3.5; the resting or basal oxygen consumption (VO 2 ) of a 70 kg, 40-year-old man in a resting state is 3.5 mL per kg per min, or 1 MET [16] . A series of cut-off points in the DASI-T were used to determine the level of functional capacity based on metabolic equivalents (METs) [16] : less than 4 METs (poor), 4 to 7 METs (moderate), and ≥7 METs (good). For this study, the original DASI English version was translated into Thai using a forward-backward method by a panel of experts and by interviewing a small sample of MI patients. The translation process was implemented as recommended by the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) Task Force on the Translation and Cultural Adaptation Process for Patient-Reported Outcome (PRO) Measures [17] . The forward translation process began by the translation of the original English version of the DASI into Thai language by two bilingual native Thai nursing faculty members who were experienced in instrument development, and familiar with the target population. The DASI-T was then reviewed by the original translators, two physicians who specialize in cardiac rehabilitation, and a researcher. These experts were asked to examine each item for comprehension or ambiguity of wording. Some wording on the items was replaced with other wording that was conceptually equivalent and wellknown to Thai people, for example, 'walk a block or 2 on level ground' was replaced with 'walk around 3−4 electricity posts (80−160 meters)'. The instrument was then back translated to English by one bilingual person who was unfamiliar with the original English version, Thai version of the Duke Activity Status Index but had adequate knowledge of, and experience with, translation from Thai to English. The previous expert panel reviewed the back-translated questionnaire in relation to the original questionnaire to ensure linguistic and conceptual equivalence. Finally, the researcher pretested the translated version by administering it to five MI patients to identify any semantic or comprehension difficulties.
The Canadian Cardiovascular Society Classification
The Canadian Cardiovascular Society (CCS) classification is commonly used by clinicians for functional classification based on symptoms of angina and activity limitations [9] . The CCS classification is comprised of four descriptive classes (class I-IV). The classes range from no limitation of ordinary activity (Class I) to being unable to carry on any physical activity without discomfort (Class IV) [9] . Patients are placed in one of four descriptive classes. The psychometric properties of the CCS classification were tested in cardiovascular patients [15] , the concurrent validity (percentage of functional class estimates that agreed with the treadmill performance class) was 59% and the kappa statistic value was 0.47. The CCS classification had the strongest Spearman rank correlation (r s = -0.64) with the duration of the treadmill exercise in seconds. Reliability testing of the CCS classification has a documented reproducibility (interobserver agreement) of 73% and kappa statistic value of 0.60 [15] .
The SF-36 physical functioning subscale
The SF-36 physical functioning subscale is a 10 item questionnaire from the version 2.0 of the SF-36 (SF-36v2), which measures a person's perceived limitations related to physical functioning because of a health problem [10, 11] . Patients were asked if their health limits physical activity, basic mobility, and basic activities of daily living. Patients were asked to rate their limitations at the present time. Each item was rated on a 3-point Likert scale (yes, limited a lot; yes, limited a little; and no, not limited at all). For scoring and interpretation, all questions were summed to produce raw scores and then transformed to a 0-100 scale; higher scores representing better health status [10, 11] .
The SF-36 physical functioning subscale is available in more than 170 translations [10] . In Thailand, the psychometric properties of the retranslated SF-36 (Thai version) subscale have been tested in 448 people by Leurmarnkul and Meetam with an acceptable construct validity and a high α coefficient (0.78) [18] .
Data collection
Explanations of the purpose of the study, procedural details, the content of the questionnaire, the participant's rights, and the potential benefits and risks of the study were given to patients. After written informed consent was obtained from a patient, clinical data was collected from the medical records of the patient participant. Then, the researcher asked eligible patient participants to complete a packet of questionnaires. The patient participants took about 15−20 minutes to complete the questionnaires. The final sample size was 100 patient participants with a previous MI.
Statistical analysis
Statistical analyses were completed using the Statistical Package for the Social Sciences (SPSS), version 20. Descriptive statistics are presented as percentages, mean plus or minus (±) standard deviation (SD), and as interquartile ranges. Internal consistency was assessed using Cronbach's α. Ceiling and floor effects were determined by calculating the percentage of participants with the highest and lowest possible scores.
To assess known-group validity, an independent t test was used to compare DASI-T total scores by age group (age <60 years, age ≥60 years). Analysis of variance (ANOVA) was used to compare DASI-T total scores by CCS classification. To assess concurrent validity, a Spearman correlation coefficient (r s ) was used to assess the association among the DASI-T total scores and categories of patients according to the CCS classification; Pearson's correlation coefficient (r) was used to assess the association between the DASI-T total score and the SF-36 total score physical functioning subscale. All statistical tests were performed at the two-tailed 5% level of significance.
Results
Description of the sample
Demographic characteristics of the study participants are summarized as follows. The age of participants ranged from 38 to 85 years with a mean age of 63.99 years (SD 11.03). Sixty-four MI patients (64%) were elderly (≥60 years), 36% were adult (age <60 years). The majority of the participants were male (57%), diagnosed with NSTEMI (76%), receiving only medical therapy (94%), and having multiple comorbidities: hypertension (50%), diabetes mellitus (35%), and dyslipidemia (33%). The participants had an average of a body mass index more than 25 kg/m 2 (29%), some are current smokers (14%) or exsmokers (39%), and about 39% experienced chest pain sometimes with an average of 1−2 times/month.
Description of scores on measures
The potential range on the DASI-T total score was 0−58.2. In this sample the range of total scores was 4.5−53.2, with a mean score of 27.51 (SD 12.94), indicating that this sample had a moderate level of physical functioning. For the SF-36 physical functioning subscale, the range of total score was 40-96.67, with a mean score of 68.10 (SD 15.84). This mean score indicates a moderate level of physical functioning.
Descriptive statistics for the DASI-T by age group and CCS classification are presented in Table  1 . Mean DASI-T total score was higher for MI patients with age <60 years than for MI patients with age ≥60 years. For the CCS classification, class I MI patients had the highest mean DASI-T score (35.43 ± 10.80) and class III MI patients had the lowest (11.17 ± 5.85). The lower DASI-T scores were found in patients with a higher class of MI.
Reliability
Cronbach's α coefficient for the DASI-T was 0.76, indicating a high reliability. For the SF-36 physical functioning subscale, Cronbach's α coefficient was also high (0.89). The percentage of MI patients obtaining the high scores (ceiling effect) or low scores (floor effect) for the DASI-T total scores and the SF-36 physical functioning subscale was lower than 15%, which suggests that there were no ceiling or floor effects to the reliability of those instruments [19] .
Validity
Known-group validity
We found that there were significant differences in DASI-T total scores across age groups and CCS classification as represented in Table 1 . These differences mean the DASI-T is able to distinguish between patients in different age groups and CCS classification. The DASI total score for MI patients with age <60 years was significantly higher than that for those MI patients with age ≥60 years. Also, multiple pairwise comparisons between class I and class II, class I and III, and class II and class III revealed the DASI-T total score were significantly different.
Concurrent validity
The associations between the DASI-T and criterion measures were statistically significant ( Table 2 ). There was a moderate negative correlation between the DASI-T total score and CCS classification. This correlation suggests that MI patients with a lower DASI-T score were more likely to be in a higher CCS classification. The DASI-T total score was highly positively correlated with the SF-36 physical functioning subscale. That is, MI patients with higher DASI-T scores also reported higher scores on the SF-36 physical functioning subscale. 
Discussion
This study was conducted to validate whether the DASI-T could be used to measure functional status in Thai patients with MI. We used a rigorous validation process that began by clarifying the concept of functional status, reviewing established instruments to measure this concept in patients with MI, and selecting instruments related to defining functional status. The DASI was the instrument selected because it was designed to measure functional status in heart patients involving perception of their functional capacity in terms of activities that individuals perform in their daily lives [5] . A process of cross-cultural investigation was then used based on the ISPOR task force on translation guidelines [17] , which use a team approach with independent bilingual translators to highlight problems in the translated measures including vocabulary, experiential, and conceptual equivalence. The process of translation in this study yielded content equivalence between the DASI-T and the original version.
Reliability
Internal consistency was based on the average correlation between items within the test [20] . Nunnally suggests that if the internal consistency of a new instrument is lower than 0.7, the instrument should be reconsidered [20] . In this study, the internal consistency of Cronbach's α coefficient of the DASI-T was acceptable (0.76). A "high" value of α is used as evidence that the items measure an underlying (or latent) construct [21] . The result of the internal consistency in this study is similar to that of a previous study [22] , which revealed a high value for Cronbach's α coefficients (0.81-0.89). A ceiling or floor effect for the DASI-T total score was not detected in this study, which means no effect of the highest or lowest score rendered the questionnaire inadequate for assessing functional status. This evidence indicated the DASI-T is a reliable tool to measure functional status in MI patients.
Validity
Evidence of adequate concurrent validity was found in the association between the DASI-T and the criterion measures. The level of a significant correlation between the DASI-T total score and the CCS classification was moderate (r s = -0.68, P < 0.01). This result was congruent with previous findings that showed a significant correlation between these two instruments [14, 22] . Similarly, a significant high correlation was found between the DASI-T total score and the total score of the SF-36 physical functioning subscale (r = 0.79, P < 0.01), supporting a correspondence to an individual's ability to perform common activities of daily living. Known-group validity was also found in the DASI-T. Known-group validity is a subtype of construct validity that is demonstrated when individuals from populations that are 'known' to be 'high' (or 'low') on the construct being assessed score higher (or lower) on the purported measure of that construct than individuals 'known' to be 'low' (or 'high') on that construct [21] . In DASI-T known-group validity testing, DASI-T total scores by age groups and CCS classification were found to be significantly different; the differences suggest that the DASI-T is a valid measure for determining different scores in different clinical characteristics related to the functional status of samples. This finding is similar to that in a recent study by Mantziari and colleagues, who found significantly different DASI scores across age groups [8] . Together, this evidence supports the validity of the DASI-T as a measure of functional status for patients with MI.
Limitations and recommendations
One limitation was the participants in the study represented a select population of patients with myocardial infarction from only two settings. Future studies could use the DASI-T to measure functional status across all cardiovascular patients and to select patients by random sampling to generalize the results to the larger population. A second limitation is that Pearson correlation coefficient, *P < 0.01; DASI-T, Duke Activity Status Index-Thai Version, CCS, Canadian Cardiovascular Society the different numbers of CCS class I, II and class III patients may increase the variability of the estimates. Future studies may consider the proportion of patients in the CCS classification. Another limitation is that the CCS classification was evaluated by nurses in two different settings, and it is possible that the definitions were interpreted differently by these nurses. Future studies should measure inter-rater and intrarater reliability for assessing the CCS classification before the DASI-T is validated. Finally, the data on the DASI-T, CCS classification, and SF-36 physical functioning subscale were obtained at only one time point. Future studies should test the responsiveness of the DASI-T to clinical changes in MI patients over time.
Conclusions
The DASI-T appears to be a potentially useful, reliable, and valid instrument to assess functional status in terms of functional capacity in patients with MI. The DASI-T values can be used to evaluate treatment for patients with MI and act as a clinical guide (i.e. exercise prescription, risk stratification).
